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Description 

FIELD OF THE INVENTION 

The present invention relates to derivatives of 7-deaza-2 -deoxy^guanosine-5 -triphosphate (7<JeazaKJGTP) their 
preparation and their use in biological processes, particularly in sequencing. 

BACKGROUND OF THE INVENTION 

The following is a discussion of the relevant art, none of which is admitted to be prior art to the appended claims 
Winkler et al., J. Org. Chem 1983, 48: 3119-3122, disclose the compound 7-deaza-2'-deoxy-guanosine 
U.S. Patents 4,804 : 748 and 5,480,980 disclose that 7-dea2a-G derivatives of the family (I) 




RO 



NH 

HO (I) 



wherein R is P0 3 H 2 , P 2 0 6 H 3 , P 3 0 9 H 4 or an alkali metal, alkaline earth metal, or ammonium salt of the phosphate 
groups; are useful in sequencing in that they provide good gel electrophoretic separatbn of guanosine, cytosine-rich 
sequence fragments which can otherwise be difficult to resolve. 

1D ™ e f / inal analysis step in DNA sequencing, whether done using chain-termination (Proc. Natl. Acad Sci U S A ■ 
1977, 74(12): 5463-7 "Sanger sequencing") or chain-cleavage (Methods-Enzymol.; 1980; 65(1): 499-560) methods' 
invokes the use of a denaturing polyacrylamide electrophoresis gel to separate DNA molecules by size 
nM4 E'^ophoret.c separation based solely on size requires complete elimination of secondary structure from the 
DNA. This is typically accomplished by using high concentrations of urea in the polyacrylamide matrix and running the 
gels at elevated temperatures. For most DNAs, this is sufficient to give a regularly spaced pattern of "bands' in a 
sequencing expenment. Exceptions can occur if the sequence has a dyad symmetry that can form a stable "stem-loop" 
structure (Proc. Natl. Acad. Sci. U.S.A.; 1987; 84(14). 4767-71). When these sequences are analyzed by gel elecTro- 
phores.s, some bases may not be completely resolved. The bands representing different bases run at nearly the same 
pos,tx>n on the gel, "compressed" tightly together, with bands appearing in two or three lanes at the same position 
The bases just above the compressed ones are spaced farther apart than normal as well 

Compression artifacts are caused whenever stable secondary structures exist in the DNA under the conditions 
prevaihng ,n the gel matrix during electrophoresis. The folded structure apparently runs faster through the gel matrix 

!r^r?r T Unf0 ' ded ° NA ' Ca,ChinQ UP Wfth thS Sma " er DNAS in ,he sec * uence T *P ical 9el conditions <7M urea 
and 50 C) denature most secondary structures, but not all structures, particularly those with 3 or more G-C base pairs 
in succession. 

Some gel compression artifacts can be eliminated by using an analog of dGTP during synthesis. The use ot nu- 
cleoli analogs dITP (J. Mol. Biol. 1983; 166: 1-19), 7-deazaOGTP (Nucleic Acids Res. 1986; 14(3)- 1319-24) Z 
4-am.^e%ldCTP( N ucleic Acids Res. 1993; 21(11): 2709-14) fordideoxy sequencing have been described. When 
°, J J r6P 6 dGTP in ,he ^"encing experiment, the dG nucleotides in the product DNA are re- 

placed by dl or 7-deaza-dG. These form weaker base-pairs with dC, which are more readily denatured for gel electro- 
phoresis. A companson of the three sequences in figure 5 of Proc. Natl. Acad. Sci. U.S.A. 1 987 84(1 4) 4767-71 shows 
that dl fully d.sru P ts secondary structure while 7-deaza<JG only partially resolves this relatively strong compression 
sequence. 

None of these substitute nucleotides is adequate for all sequencing situations. For example, 4-aminomethyl dCTP 
fails to work well wrth Sequenase DNA polymerase (Nucleic Acids Res. 1993, 21(11): 2709-14), it is difficult to use 
?riQorfi^o,?a^ e ^ Sin9 thermos,able P^erases such as Taq DNA polymerase (Proc. Natl. Acad. Sci. U 
U S A ^BT ^S^'eflT 7 ~ dea2a ' dGTP d ° eS n0 ' reSOlVe a " ^P^ssion sequences (Proc. Natl. Acad. Sci. 
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SUMMARY OF THE INVENTION 

The present invention provides derivatives of 7-deaza-dGTP which are useful in a number of biological processes, 
including the resolution of compression artifacts in DNA sequencing. The invention also concerns the preparation of 
5 these 7-deaza-dGTP derivatives. 

Accordingly, the present invention provides a compound of the formula (II) : 



10 



15 




wherein R 1 is a C V10 a Iky I group optionally substituted by hydroxy, amino, C v4 alkyl substituted amino, alkoxy or 
halo; R 2 is hydrogen or hydroxy; and R 7 is H or a mono-, di- or tri-phosphate or thiophosphate thereof, except that 
when R 1 is methyl R 7 is not H. 

Thiophosphates are those in which one or more phosphate groups are replaced by a thiophosphate group (e.g. 

25 as a tri-thiophosphate, a mono-phosphate-dithiophosphate or a di-phosphate-mono-thiophosphate). When the com- 
pounds of the invention are present as thiophosphates preferably only one group is replaced by a thiophosphate group, 
normally the a-phosphate group. Preferably the phosphate or thiophosphate group is attached to the C-5 position of 
the sugar. Similarly, boranophosphates are those in which one or more phosphate groups are replaced by a borano- 
phosphate group (J. Am. Chem. Soc. 1990, 9000-9001; Tomasz et al., Angewandte Chemie. Int. Ed. 1992, 31:1373). 

30 By halo is meant fluoro, chloro, bromo or iodo, suitably fluoro or chloro and preferably fluoro. 

Suitably R 1 is a C 1>10 alkyl group or a C A . A0 hydroxyalkyl group, most suitably a C 2 _6 alkyl or C^. s hydroxyalkyl 
group. Preferably R-, is isopropyl, ethyl or hydroxy methyl. Preferably the compounds of the formula (II) are present as 
the triphosphates. 

The compounds of the formula (II) may be present as salts of the phosphate groups. Suitable salts include alkali 
35 metal salts, e.g. lithium, sodium and potassium salts, alkaline earth metal salts, e.g. magnesium and calcium salts, 
and ammonium salts, e.g. unsubstituted ammonium ions or those that are substituted by alkyl groups or benzyl 
or phenethyl groups. 

In a further aspect, the present invention provides a nucleotide sequence, one of the nucleotides being a compound 
of the formula (II). Such a nucleotide sequence can be an oligonucleotide sequence or a polynucleotide sequence. 
40 The compound of the formula (II) will either be interspersed between other nucleotides in the chain or be at a terminus 
of the chain. 

Thus, a nucleic acid sequence may have incorporated therein a compound of the formula 



45 



50 



55 




wherein R A and R 2 are as hereinbefore defined. 
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A nucleic acid sequence having a terminal nucleotide derived from a nucleotide 



R fl O 




wherein R, and R 2 are as hereinbefore defined and R Q is P„n h nr p o u * . * ^ 

In a still further ac ^«M ^ * ue,, "« u ana ,s ^2^3 or P 3 0 9 H 4) also forms part of the present invention 

nucleotides necessary to enable sequence elongatbn ' 6339 " 6343 )' ,0 9 ether w,,h <™ °' more other 

sequent ESS^^ ^ ^ ^ ^ - °» 3 C °"« * W the 




such as aqueous methanol, a. a non-extreme temperature for t^^V^Xo^Zi^ 1? ^ 
temperature, optionally under pressure, e.g. 20 to ipsig of hydrcjen ' COnVen,en,l >' at room 
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The alkynyl compounds may be prepared as described in the literature, e.g. see Nucleic Acid Research (1996) 
24: 2974-2980. 

The compounds of the formula (II) may also be prepared by the deprotection of a compound of the formula (IV) 



10 



15 




wherein is as herebefore defined R 4 is a protecting group, R 5 is hydrogen or a group OR 4 and R 6 is a protecting 
group which may be the same or different to R 4 . 

The protecting groups are protecting groups that can be removed without affecting other parts of the molecule; 
20 thus, for example, if R 6 is a different protecting group from R5 then it may be possible to selectively deprotect one 
group but retain the other. Suitable protecting groups include C,^ alkyl groups, such as methyl, benzoyl optionally 
substituted by one to three methyl or ethyl groups, e.g. toluoyl and phenyl substituted methyl or ethyl groups, such as 
benzyl. Alternatively, the R 4 groups may be linked, for example to form a tetraisopropyldisifoxane group. Compounds 
of the formula (IV) in which R 1 is other than alkyl, e.g. a group R 1a may be prepared by the reaction of the corresponding 
25 compound where R 1 is a halo group with a derivative of R 1a such that R 1a is attached to the deazapurine ring or a 
derivative of R 1a , is attached to the deazapurine ring which may be converted to R 1a . 

The protecting groups will be removed by conventional techniques, e.g. base, hydrogenation or use of a Lewis 
acid such as aluminum chloride. 

The compound of the formula (IV) may be prepared by glycosylation of a compound of the formula (V) 

30 



35 




40 with a compound of the formula (VI): 



45 




wherein R^ R 2 , R 4 and Re are as hereinbefore defined and hal is halo, e.g. chloro, bromo or iodo, preferably chloro. 
so Novel intermediates of the formulae (III) and (IV) also form part of the present invention, such novel intermediates 

include the phosphates of the alkyl and alkynyl compounds. Triphosphates of the compounds of the formula (III) are 
particularly preferred. 

Other features and advantages of the invention will be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

55 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 presents DNA sequence data generated from a region approximately 235 bases from the priming site of 
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PGEM3ZI+ (Promega) using dGTP or an analog of dGTP in the sequencing reaction 

orpSyl^o 336 " 18 D x NA se ^ 8 data generated from a region approximately 310 bases from the priming site of 
pGEMSZf* (Promega) using dGTP or an analog of dGTP in the sequencing reaction 

Fig. 3 presents DNA sequence data generated from a region approximately 300 bases from the priming site. 

DESCRIPTION OF THE PREFERRED EMBODIMFNTR 

The following Examples are provided for further illustrating various aspects and embodiments of the present in- 
vention and are in no way intended to be limiting of the scope. 

The present examples illustrate the preparation of the compounds of the present invention and their properties. 

Example 1: Propvl-7-d eaza-2'-deoxyquanosine-5'-triphosohate 

^ Pr T^" ynyl) " 7 " Dea2a ' 2, " DeOXy9,JanOSine - 5, - Tripnos P nate - To 200 m 9 ( 0 66 mmol) of 7-(prop-1 -ynyl)- 
7-deaza-2-deoxyguanosine (Nucleic Acid Research (1996) 24: 2974-2980) in a 50 ml round bottom flask under 
argon was added 5 ml of trimethylphosphate. The reaction mixture was cooled via an ice bath and 74 ml (0 79 
mmol, 1 .2 eq.) of phosphorus oxychloride (redistilled) was added. The reaction was stirred with cooling for two 
^T'^H 1 - ,rlbut y ,ammonium Pyrophosphate in anhydrous DMF (3.3 ml, 3.3 mmol. 5 eq.) and tributylamine 
(0.8 ml, 3.3 mmol 5 eq.) were then added slowly to the cooled solution, simultaneously. After addition, the reaction 
mixture was s irred for 1 0 minutes, then warmed to room temperature, and stirred for another 20 minutes At this 
point, cooled 1 M triethylammonium bicarbonate buffer (TEAB, P H = 7.0) was added to the reaction mbcture until 
he sokition became neutral as observed by pH paper. The buffer was then added to a final volume of 40 ml and 
the mixture was stirred overnight at room temperalure. The next day, the solution was evaporated under high 
vacuum to a viscous solution. The crude product was then applied to a 200 ml Sephadex A25 column which was 
elu ed with 0.05 M to 1 M TEAB (pH = 7.0) at a flow rate of 1 .2 ml per minute. A peak containing me product was 
SSS n a PP rox,mate| y 0 9 M A,ter evaporation the triphosphate was finally purified on a reverse phase D PAK 

tc ? u °° " mn il V 30 Cm) USin9 8 ° % B '° 100% B 9 radient in 45 minu,es at 1 30 ml per minute (A = 0 1 M 
TEAB, pH = 7.0 and B = 25 % acetonitrile in 0.1 M TEAB, pH = 7.0). 3ip NMR: -5.96 (dV -10 60 (dV -21 98 M 

? T ll 8, 3 9 by 30 ° m ' ° % B ,0 1 °° % 8 30 minu,es at 1 ml P er mintrte > 20 5 minutes. UV(pH 7 0) 
237nm (max), 273nm, and 295nm. ' 

b) T-Propyl-Z-Deaza-a'-Deoxyguanosine-S'-Triphosphate. To 50 mg of the triethlyammonium salt of 7-(prop- 
1-ynyl)-7-dea2a-2 -deoxyguanosine-5'-tri P hosphate was added 10ml of 10%aqueous methanol. This solution was 
transferred to a glass pressure vessel. The vessel was then purged with argon and 20 mg of 10% palladium on 

^rSn Th f e K P ' essure : essel was then P |aced into ^e shaker arm of the hydrogenation apparatus and 
charged with 30 psig of hydrogen. The reaction mixture was shaken for 2 hours. After the hydrogen was discharged 
the solution was passed through a small plug of Celite. The plug was washed with 10% aqueous methanol The 
combined solution was then evaporated to dryness. The product was purified on a reverse phase D PAK C 18 
HPLC column (5 by 30 cm) using a 0% B to 1 00% B gradient in 45 minutes at 1 30 ml per minute (A = 0 1 M TEAB 
E=.^ « B = 25 % acetonitrile in 0.1 M TEAB, pH = 7.0). *P NMR: -9.98 (bm); -10.60 (bmV -22 41 (bm)' 
HPLC (D PAK C I 8, 3.9 by 30 cm, 0% B to 100 % B in 30 minutes at 1 ml per mLute) 22.3 minutes. U 7 0) 
225nm (max), 259nm (sh), and 286nm. ' 

Example 2: 7-Hexvnvl- and 7-Hexvl-7-De a 7a.y- D e oxvauano S ine-5-Tripho SD h a t ft 

7 H J; He ^ | - 7 ^ ea ^ a - 2 -- Deo ^9 uan ^ in e-5'-triphos P h was prepared in an analogous manner starting with 
7-Hexynyl-7-deaza-2 -Deoxyguanosine (Helvetica Chimica Acta (1995) 78:1083-1090) 3i P NM R- - 5 9 8 fdV-10 59 fdV 

7 'JSEf <Z L ? ST ° 9 ^ ° % B «° 5 ° % B 30 minUt6S 31 1 m ' P- 1 g^Sles Sv(S 

7.0) 238nm (max), 273nm. and 295nm. Reduction by hydrogen in an analogous manner yielded 7-Hexyl-7-Deaza-2"- 

^ 9Ua ^° ne " 5 "" Triph ° Sphate NMR * 73 (d): ' 10 43 W " 2212 <«)• HPLC (D PAK C 18,3.9 by 30cm 0% B to 
50 /» B in 30 minutes at 1 ml per minute) 21 minutes. UV(pH 7.0) 225nm (max), 265nm (sh), and 285nm 
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Example 3 7-hvdroxvmethyl-7-deaza-2 , -deoxYguanosine-5'-triphosphate 




a) 2'-deoxy -3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-7-carbomethoxy-7-deazaguanosine: To a 250 ml 

round bottom flask under argon positive pressure was charged 1.15 gm (1.87 mmol) 2'-deoxy -3',5'-0-(tetraiso- 
propyldtsiloxane-1,3-diyt)-7-iodo-7-dea2aguanosine, 9 mg (0.023 mmol) bis(benzonitrile)dichloropalladium (II), 
288 ml ( 3.6 mmol) triethylamine, 30 ml methanol, and 30 ml dioxane. The reaction mixture was purged with carbon 
monoxide gas for 5 minutes and allowed to remain under CO positive pressure (by use of a CO filled balloon). The 
magnetically stirred solution was heated to 50°C overnight. After cooling 9 mg bis(benzonitrile)dichloropalladium 
(II) and 288 ml ( 3.6 mmol) triethylamine were added to the reaction mixture and the reaction was heated for an 
additional 18 hours under CO pressure. At this point, the reaction mixture was cooled and solvent removed by 
evaporation. The residue was then purified by silica gel 60 column chromatography using 0% to 10% methanol in 
chloroform to elute the product. A yield of 0.48 gm (47%) of the title compound was obtained. 1 H NMR (ppm in 
CDCI 3 ):10.83 (NH, bs), 7.52 (H;8, s), 6.48 (NH 2 , bs), 6.27 (H-1\ d), 4.66 (H-3\ q), 4.03 (H-5\ bs), 3.81 (H-4 1 , m), 
3.73 (CH 3 Os), 2.49 (H-2\ m), 1.05 (H-2\ m), 1.05 (4 x Si-CH(CH 3 ) 2 , bd). ™C NMR (ppm in CDCI 3 ):163.48 (CO), 
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15 



20 



25 



30 



(CO stretch). 1 ^i-CH(CH 3 ) 2 , 10 peaks). IR ( cm -1 , mineral oil): 1713 

n t^o3^ 

lithium borohydride, and 10 ml anhvdrous tetrahvrf rfZ„ ^^^^^asuanosine, 59 mg (2.7 mmol) 
(2.7 mmol) methane, was adde^c^ ™? Ure Was «° «*« ^nd 110 mi 

addition. The reaction mixture , h mES£ JSIta h 9 ^ '° r a " addi,io "alhalf an hour after this 
1 N HC. ; no further gas e^^'^Sh he .asTZ Th^T "*¥ ^ * 8 feW df ° PS °* 
a plug of celite. and the celite washed with elhyl Ztate and meLnot Th TT then ,i,,ered thrOU 9 h 
orated and the residue applied to a sZ oel 60 Z t f C ° mb,ned ° r9anic ,raction was eva P" 

ro undt^ To a 25 m. 

droxyme.hy.-7-deaza7uanorir?n1?m7 a nh^ r n ° 2 ^ e °^ ^^^•^^^^P^yWisiloxane-l.a-diyD^-hy- 
ml ( a75 mmol) SSSL IZZ SZZXZ 5 6 ma9ne,iCa " y S " rrin9 miX,Ure W3S added 71 
5 ml methano. was added and ,ZJZ sTr* fo an^ddiZT TT. ™" 1 2 h ° UrS At ,his P° int 

of thes 0l vents. Theresidue wasredS I^SEtS!^^ ™ S ,0 "° Wed by eVap ° ra,ion 
aqueous sodium bicarbonate The ^^lS^^T^^ Z ^^ W ^^^ MwalM 
acetate yielded 0.254 gm (91%) , o, the *" "* SOd,Um * ,i,,ered and eva P° ra,i °" - ethyl 



T ° 1 30 m S (0-38 mmo„ o, 2^-deoxy -7-o-ac 
The reaction mixture ESi"""^ and 53 mf ^7" T" T * "* °' ^diphosphate, 
distilled) was added The reaction was s irrJri IT , ( mm °'' 15 6q > ° f Phos P h °™ Oxychloride (re- 
phate in anhydrous DMF (TT^ 1 9 mmoTs e^^ t 9 )!^'^ h ° UrS ' BOth 1 ~ Tribut y |amm °nium Pyrophos- 
slow.y ,0 the cooled solution s^^^r^l^Z f" 5 tJ 5 "» ^ added 
warmed to room temperature and stirred tL aZ^T' ' he / eac ' lon mixture was sti ^d for 10 minutes, then 
Bicarbonate buffer (TEAB, pH = 7 0 ZSlZe^ZZZT ^ *" ^ 1 * ™**™™ntan 
served by P H pape The buffer was tSJn S?, £ , 7 m,XtUre Unti ' ,he SO ' Ution became neu " a ' as ob- 
at room temperature. T^^STJSS^l T ^7 " *° "* and ,he mb<tUre Was sti " ed ° ve ™9ht 
crude product was then W?£iiK3?S?? und * hi * vacuum * a " viscous solution. The 
( P H = 7 dataflow rate of 1 !' . ! Sephadex *25 column which was eluted with 0.05 M to 1 M TEAB 

100% B gradient In 46 minules at 130 ml pet minule^A - 01 M tcab ^ -, „ ' b " 30 u * 9 ' ° % B 10 
UV(vis) 261nm (max). 00 % B ln 30 m, ™«* at 1 ml per minute) 17.71 minutes. 
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Example 4 7-ethyl-7-deaza-2'-deoxvquanosine-5'-triphosphate and 7-isopropyl-7-deaza-2'- 



deoxyquanosine-S'-triphosphate. 




a) 2-chloro-butanal: To a pre-dried 500 ml 3-neck flask fitted with a 60 ml addition funnel, reflux condenser, internal 
thermometer, and magnetic stirring bar under argon positive pressure was charged 45 ml (0.5 mole) of butanal. 
The addition funnel was then charged with 40 ml (0.5 mole) of sulf uryl chloride and this reagent was added dropwise 
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(tol-CH 3 , s). 2.40 (tol-CHj s), 1 .08 (CH 3> t). ^ ' ^ ' ^ 2 63 (C±j2> q) ' 2 59 ^" 2 " m >- 2 42 



96(H-1\ 
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dd), 5.17 (H-3\ bd), 4.40 (NH 2 , s), 4.04 (H-5\ ddd), 3.89 (H-4' t bm), 2.63 (CH, m), 3.13 (tol-CH 3 , s), 3.09 (tol-CH 3 , 
s), 2.19 (H-2\ m), 1.95 (H-2\ m), 1.21 (CH 3 , d). 

I) 2'-deoxv-(b-i>ervthrcKpentofuranosvl)-2-amlno-6-chloro-7-ethvl-7-deazapurine: A mixture of 2'-deoxy-3*, 
5 5'-di-<>(p-toluoyl-b-D-erythro-pentofuranosyl)-2-^^ .25 gm, 2.5 mmol), ben- 

zyltriethylammonium chloride (20 mg, 0.1 mmol), 2 N sodium hydroxide (20 ml, 40 mmol), and dioxane (50 ml) 
was vigorously stirred for 7 hours. After evaporation, the residue was slurried into 10 ml H2O and this solution 
neutralized to pH = 7.0 with 2 N HCI using a pH meter. The suspension was cooled overnight at 5°C. At this point, 
the solid was filtered, washed with cold h^O, then dried in vacuo. A yield of 0.53 gm (68 %) of the title compound 
10 was obtained. 1 H NMR (ppm in o*-DMSO): 7.08 (8-H, s), 6.60 (NH 2 , bs), 6.42 (H-1\ dd), 4.29 (H-3\ m), 3.75 (H- 

4\ m), 3.48 (H-5 1 , m), 2.71 (CH 2 , q), 2.37 (H-2\ m), 2.06 (H-2\ m), 1 .32 (CH 3 , t). 

j) 2 < -deoxv-(b-D-ervthro-pentofuranosyl)-2-aminO'6-chloro-7-isopropyl-7-deazapurine: As per the proce- 
dure for 2 , -deoxy-(b-D-erythro-pentofuranosyi)-2-amino-6-chloro-7-ethyl-7-deazapurine. Yield = 72 %. 1 H NMR 
is (ppm in d 6 -DMSO): 6.62 (8-H, s), 6.17 (H-1\ dd), 4.49 (NH 2 , s), 4.78 (H-3\ db), 4.12 (H-4\ bs), 3.85 (H-5 1 , m), 

3.36 (CH, m), 3.03 (H-2\ m), 2.17 (H-2\ m) r 1.24 (CH 3 , d). 

k) 2'-deoxy -7-ethyl-7-deazaguanosine: A slurry of 0.53 gm (1.8 mmol) 2'-deoxy-(b-D-erythro-pentofuranosyl)- 
2-amino-6-chloro-7-ethyl-7-deazapurine and 20 ml (40 mmol) 2 N sodium hydroxide was heated to reflux for two 

20 hours. During this time all solid went into solution, then precipitated out again. After the reaction time, the solution 

was cooled to room temperature and neutralized to pH = 7.0 with 2 N HCI using a pH meter. This solution was 
then evaporated and the residue purified by silica gel 60 column chromatography using 5% to 10% methanol in 
chloroform to elute the product. A yield of 0.34 gm (67%) 2'-deoxy -7-ethyl-7-deazaguanosine was obtained. 1 H 
NMR (ppm in d 6 -DMSO): 10.39 (NH, s), 6.61 (8-H, s), 6.28 (NH 2> bs), 6.28 (H-1\ dd), 4.26 (H-3\ m), 3.73 (H-4\ 

25 m), 3.48 (H-5\ m), 2.57 (CH 2 , q), 2.29 (H-2\ m), 2.03 (H-2\ m), 1 . 1 6 (CH 3> t). 

I) 2'-deoxy -7-isopropyl-7-deazaquanosine: As per the procedure for 2*-deoxy -7-ethyl-7-deazaguanosine. Yield 
= 62 %. 1 H NMR (ppm in d 6 -DMSO): 7.96 (NH, s), 6.58 (8-H, s), 6.42 (NH 2 , bs), 6.27 (H-1\ dd), 4.26 (H-3' r m), 
3.72 (H-4 1 , m), 3.48 (H-5 1 , m), 3.02 (CH, m), 2.31 (H-2\ m), 2.01 (H-2 1 , m), 1 .20 (CH 3 , d). 

30 

m) 7-ethvl-7-deaza-2'-deoxyquanosine-5'-triphosphate: As per the preparation and purification for 7-hy- 
droxymethyl^-deaza^'-deoxyguanosine-S'-triphosphate. 31 P NMR (ppm in D 2 0): -10.04 (d); -10.67 (d); -22.59 
(t). HPLC (D PAK C 18, 3.9 by 30 cm, 0% B to 100 % B in 30 minutes at 1 ml per minute, A = 0.1 M TEAB, pH = 
7.0 and B = 25 % Acetonitrile in 0.1 M TEAB, pH = 7.0) 20.86 minutes. UV(vis) 225nm (max) and 264nm. 

35 

n) 7- isopropyl-7-deaza-2'-deoxyguanosine-5 -triphosphate: As per the preparation and purification for 7-hy- 
droxymethyl-7-deaza-2'-deoxyguanosine-5'-triphosphate. 31 P NMR (ppm in D 2 0): -7.22 (d); -11.42 (d); -22.79 (t). 
HPLC (D PAK C 18, 3.9 by 30 cm, 0% B to 100 % B in 30 minutes at 1 ml per minute, A = 0.1 M TEAB, pH = 7.0 
and B = 25 % Acetonitrile in 0.1 M TEAB, pH = 7.0) 23.02 minutes. UV(vis) 225nm (max) and 264nm. 

40 

Example 5: Other 7-deazadeoxyguanosine compounds 

7-Chloro-7-deaza-2'-deoxyguanosine-5'-triphosphate and 7-lodo-7-deaza-2 , -deoxyguanosine-5'-triphosphate 
were prepared in analogous manner from 7-Chloro-7-deaza-2'-deoxyguanosine and 7-lodo-7-deaza-2'-deoxyguano- 
45 sine (Helvetica Chimica Acta (1995) 78:1083-1090) respectively. 

Example 6: Use of 7-deaza-dGTP derivatives in sequencing reactions 

Sequencing reaction mixtures were prepared as follows: 

50 



55 



11 



EP 0 866 070 A1 





A 


C 


G 


T 




Reaction 


Reaction 


Reaction 


Reaction 


DNA, 200 jig/ml pGEM3Zf * 
( Promega ) 


1 


1 


1 


1 


A-REG Primer* (0.2 pM) 


1 


— 




- 


C-FAM Primer (0.2 |iM) 


— 


1 


- 


- 


G-TMR Primer (0.4 pM) 


— 


- 


1 


- 


T-ROX Primer (0.4 joM) 




— 


- 


1 


ddA Mix 


1 








ddC Mix 




1 




- 


ddG Mix 






1 




HHT M-i v 








1 


Buffer 260 mM Tris-HCl 
pH 9.5, 65 mM MgCl 2 


1 


1 


1 


1 


3.3 units/jil Thermo 
Sequenase, 
0.0055 units/pi 
pyrophosphatase 


1 








6.6 units/pl Thermo 
Sequenase, 
0.011 units/fil 
pyrophosphatase 






1 


1 


940 pM** dGTP or dGTP 
analog 


1 


1 


1 


1 



(Volumes in 

* Primer is Reverse Energy-Transfer Primer -28 M13 Revl 
(Amersham) . 

** 234 nM for 7-propynyl-7-deaza dGTP 



15 ^ nSrT ,T P ^ 3 ,herma ' CyC,9r (MJ reSearCh > and 30 ,imes a « 95-C, 30 sec; 45»C 

£Z£ «1 kT, 9 8 ,h6rmal CyC ' in9 ' ,hG Samp ' eS Were pooled ' and loaded ««o sequencing 

.nstnjment as descnbed for sequencing using the Dynamic Direct sequencing kit (Amersham) 

Two regions of interest of the sequence are shown in Figures 1 and 2 
wrthdPTpT^ re9i0n ap P rOXima,e 'y 235 teses from ^e priming site is shown in Figure 1. In the top sequence (run 
3 1^1211 P re9 ' 0n ' n an0ma '° US mi9ra,i0n ° f Several bases results in sequence errors (solid box) 

sC:;^ 

dGTP^rr, re9i0n ap P roxima,e, y 310 bases from the priming site is shown in Figure 2. The top sequence (run with 
dGTP) has a compressed reg.on (solid box). Of the remaining sequences run wrth analogs of dGTP none hasZ 

271 C !! 6d aU,0matica, 'V b V *• *>ttware, but the bottom one wtth 7-pro P yl-7-dea 2 a<,GTP is the only 

one wh,ch could be edited by simple inspection to the correct sequence (broken-line box) 
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w 



15 



20 



Figure 3 shows a sequence region approximately 300 bases from the priming site. The top sequence (run with 
dGTP) has a compressed region. The remaining sequences run with analogs of dGTP including 7-ethyl-7deaza-dGTP 
and 7-hydroxymethyl-7-deaza-dGTP all have the correct sequence. 

The accuracies of parallel sequences for a region approximately 1 29 bases from the priming site to approximately 
421 bases from the priming site which had at least 6 regions of compression artifacts were as follows: 



Analog 


Errors 


% Accuracy 


dGTP 


17 


94 


7-deaza-dGTP 


5 


98 


7-Chloro-7-deaza-dGTP 


23 


92 


7-lodo-7-deaza-dGTP 


22 


92 


7-Propynyl-7-deaza-dGTP 


21 


92 


7-propyl-7-deaza-dGTP 


3 


99 



One of the errors in the 7-propyl-7-deaza-dGTP sequence was not related to a compression artifact, and the other 
two apparent errors are shown in figure 2. These two errors could easily be corrected by simple inspection. Thus, this 
analog gave considerably more accurate sequence with this template than any other analog tested. 

Other embodiments are within the following claims. 
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Claims 

1. A compound of the formula (II) : 



FUO 




40 
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wherein R., is a C V10 alkyl group optionally substituted by hydroxy, amino, C-,. 4 alkoxy or hato; R 2 is hydrogen or 
hydroxy; and R 7 is H or a mono-, di- or tri-phosphate or thiophosphate thereof, except that when R n is methyl R 7 
is not H. 

2. A compound according to claim 1 wherein R 1 is a C 2 . 8 alkyl group. 

3. A compound according to any one of the claims 1 or 2 wherein the compound of the formula (II) is present as a 
triphosphate. 

4. A compound selected from 

7-Ethyl-7-deaza-2'-deoxyguonosine or a mono-, di- or tri-phosphate thereof. 
7-lsopropyl-7-deaza-2'-deoxyguanosine or a mono-, di- or tri-phosphate thereof. 
7-Hydroxymethyl-7-deaza-2'-deoxyguanisine or a mon-, di- or tri-phosphate thereof. 
A triphosphate of a compound according to any one of claims 10, 11 or 12 

5. A process for the preparation of a compound of the formula (II) wherein R n is a C V10 alkyl group optionally sub- 
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stituted by hydroxy, amino. C w alkoxy or halo; is hydrogen or hydroxy; and R, is H or a mono- di- or tri- 
phosphate or triphosphate thereof, except that when R, is methyl R? is not H which comprises: 

(i) the deprotection of a compound of the formula (IV) : 




wherein R, is a C V10 alkyl group optionally substituted by hydroxy, amino, C,. 4 alkoxy or halo and R 4 is a 
protect.ng group, Rg is hydrogen or a group OR 4 and R 6 is a protecting group which is the same or different 
to H4, or 

(ii) when R, is other than methyl the reduction of a compound of the formula (III) 




wherein R 2 is hydrogen or hydroxy, R 3 is a C 2 . 10 alkynyl group optionally substituted by hydroxy, amino, C, 14 
Slot amin °" °~ ° r ha '°' ^ R? 18 H ° f 3 m ° n °-' di " ° r u <-P*osP**° °< thiophosphaie 

(iii) and optionally thereafter preparing a mono-, di- or triphosphate or thiophosphate. 

A nucleotide sequence containing a compound of the formula (II). 

A deoxyribonucleic acid sequence containing a base of the formula: 




(ha) 



wherein R, is is a C M0 alkyl group optionally substituted by hydroxy, amino, C,^ alkoxy or halo. 
Method for determining the nucleotide base sequence of a DNA molecule comprising the steps of: 

incubating a DNA molecule annealed with a primer molecule able to hybridize to said DNA molecule in a vessel 
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containing a compound of formula (II) wherein is a alkyl group optionally substituted by hydroxy, 
amino, C,_ 4 alkoxy or halo; R 2 is hydrogen or hydroxy; and Ry is tri-phosphate or thiophosphate thereof, a 
DNA polymerase and at least one DNA synthesis terminating agent which terminates DNA synthesis at a 
specific nucleotide base in an incubating reaction; and 
s separating DNA products of the incubating reaction according to size whereby at least a part of the nucleotide 

base sequence of said DNA molecule can be determined. 

9. Method for elongation of an oligonucleotide sequence comprising the step of; 

incubating an oligonucleotide sequence with a compound of formula (II) wherein wherein is a C^q alkyl 
10 group optionally substituted by hydroxy, amino, alkoxy or halo; R 2 is hydrogen or hydroxy; and R 7 is tri- 

phosphate or thiophosphate thereof and a DNA polymerase such that said compound is added to the oligonucle- 
otide sequence. 

10. A compound of the formula (III): 

15 



20 



25 




wherein R 2 is hydrogen or hydroxy and R 3 is a C 2 . 10 alkynyl group optionally substituted by hydroxy, amino, 
alkyl substituted amino, alkoxy or halo, and R 7 is a mono-, di- or tri-phosphate or thiophosphate thereof. 

30 

11. Molecule comprising the following moiety: 



35 



40 




wherein R 2 is hydrogen or hydroxyl and R 7 is H or a mono-, di- or tri-phosphate or thiophosphate thereof. 



so 
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7 7-propynyl-dGTP 




Figure 1 
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2d6TP 



K r R c G C A | 6 0 | A A C C Q C - ^ 



a 7-qea2a 

~K~r c r g C 5 | C--T 6 | A A C C 6 T 



7-deaza-dGTP „ 



4 7-CI 




' . 5 7-iodO 

K r ■ o _ c g Q A 1 6--T 6 j~A C C E § C~= 



7 7-proptjnyl-dCTP 

*C G C A +- H 6 | A A C C G C~~^~ 



7-propynyl 




6 7-prpptji 

G C 6 |6-6 T G p A CC G~ 



7-propyl 



(Correct Sequence) 



Figure 2 
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8 27*dG- pGEM R eu. 

6 c 6 - G - C 6 N G T G T G~ 



9 28«dZ- pGE M Reu. 

- G C G He C G G (3 T G f 



G G 




1 1 26*HydroHymet hul-p6EM Reu 

C 6 -B C G G 6 T G T G G~ 



12 25«Ethijl- PGE M Reu. 

G C ~G G C G G G T G — T G G 



.^9C\ _ 

-r 15 24«Propy[- pGEM Reu. 

| 6 C G H3 C G G G T G T N~ 




G 



Figure 3 
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